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(57) Abstract 

A PLL circuit requiring only one LPF is 
provided to decrease the mounting area and the 
number of pins and simplify its design, whereas the 
prior art PLL circuit requires an n number of LPFs. 
The PLL circuit comprises a variable-gain phase 
comparator (1), a mixer (2), LPPs (3), n VCOs (4-1 - 
4-n), n couplers (5-1 - 5-n), and a control circuit (6) 
for performing the ON/OFF control of the VCO 
operation, and the phase difference conversion gain of 
the variable-gain phase comparator (1) is variable. 
The control circuit (6) carries out the ON/OFF control 
of the operation of the VCOs (4-1 - 4-n), and one of 
the VCOs (4-1 - 4-n) operates depending on a desired 
operation frequency band, while other VCOs are off. 
The phase difference conversion gain can be varied 
depending on the sensitivity of the VCOs (4-1 - 4-n), 
resulting in the required number of LPFs reduced to 



RFH.O 
fLO 



2 



V" 



i>yy [— fVCO« 



1 

2 

5-1 
5-2 
5-n 
6 . 



; VCO 

, '"f " 
I MWtB» I 

y 

e 

VARIABLE-GAIN PHASE COMPARATOR 
MIXER 
COUPLER 
COUPLER 
COUPLER 
CONTROL CIRCUIT 




p L L [Eiggi?-n mii^^mtco L p F ^ 1 fitd^ijMf 5 ^ t x\ mmmm^ x n 

^^f-2c!:, LPF3.b. n fic^ V C O 4 - 1 ~ 4 - n <b . ni@(D77^^5-i 

5&6t;::J:i9VC04-i~4~n OSbf^® ;^-^/;e-:7;d^M ^ mmmim^m 
mm^iJt^ DTVG04-l-'4-n©5^1 fli;5^»jf^ V G O {i;^-^ i: t^,? 

MufSV C04-i~4-n CT«£^gM^mfy^#^^;t 5 r t X\ 

mm p L L [E]Esi;ii£;^^7:c l p p ^ i mi^nm-r^ :l t i)^x-%^o 



AE 

AL 

AM 

AT 

AU 

A2 

BA 

B B 

B E 

B F 

BG 

B J 

BR 

BY 

CA 

CF 

CG 

CH 

C I 

CM 

CN 

CR 

CU 

C Y 

cz 

DE 
DK 




DM 
EE 
ES 
F I 
F R 
GA 
G B 
GD 
GE 
GH 
GM 
GN 
GW 
GR 
HR 
HU 
I D 
I E 
I L 
I N 
I S 
I T 
J P 
KE 
KG 
KP 
KR 



^yi^-^ 
/N^^'y- 

>K 
>f^'yT 



K2 iJ^-^T^^U 

L I y fT^vv'ix^w > 

LK :^y . ^-^i3 

L R y ^ y T 

LS uy h 

LT y hmr 

MA -^nj^rj 
MC 

MD ^/i-K^/r 

MG -^^iSlf^isA. 

ML . ^y 

MN -^^rfyU 

MR •=£-— y^=.T 
MW 

MX pt^-i^a 

NE =v?3:-/P 
NL 

NO yt'^^^— 

PL 2K-7:^K 

P T ^J^yt- h /u 

RO A — "^^T 



R U a v'T 

SD y^—^^ 

SE 

SG *>>';tr;^"— 

S I J^n 'Ti^.T 

SK Jtor/T-z^T- 

S L . x^zi-^ 

SN -t;^;tf/w 

sz ;<:!7-:^^>K 

TD ^r-K 

TG h — itf— 

T2 ^>-%F=.r 

TM Kyi'^y;=:;^^:x 

TR hy^= 

TT H y n^ty K - hx<:J 

LfA ^^=7^-^ 

UG ^-ff^^ 

US i»es 

UZ ^^X-i:^^^rv 

YU 3.— 7 1^7- 

ZA Ury^)i3m^m 

zw v?w<r^ 



wo 00/18014 



PCT/JP99/05012 



m m m 

5 i^ms^m- 

10 

fcia:;t{i. :*:^PJ^35S^^f^bfci: r^lcjinti. &.T(D t:i3V) -C^^, 

::^^jfe^*^(el^<Z)#-V>G SM (Global System for Mobile communications) 
15 <bDCS1800 (Digital Cellular System 1 8 0 0) P>tL-5e 

John Wiley & S o n s ihaj)|g<73 "P h a s e 1 o c k Tech 
niques" (ISBN 0 — 471-04294 — 3) 10. 3^{z:fB$tb 

20 PL i.^^^mw<DWiY^Mmm^mx^m-^mz. x^t^—mx^^o 

MIEP LL[HjjiS«. 'fMJt|{?iS4 1 5=¥1^2,^. nf@ ( n « 2 Ji(7) g ^ 
^) <Dfg;^3lj§7^/Ui5' (LPF) 42-l~4 2-n^. nfli(DmjEM^^ 
(VCO) 4-l~4-nar. n<®0:jt7^^4 3- 1 ~4 3-n VC04 

v^-c. Hui2#fi^m-^ I F i 5 1^ 2 (Drntim^-vi-m^itm^in,. m^m^itm l 

fcm-§-A5m;^$ixSo ■f4taJtt55^4 1 (Dtb;t»{t-^«. LPF42-l~4 2-n 
\^mti-^i^h. VC04- l~4-n{c:A;tr$tL'5o ^J^^i 



wo 00/18014 

PCT/JP99/050I2 

IsI5S6t;iJ:»9. S&IEni@OVCO(^)5 ■^^m(DWiY^m^m^m\zj:^^ 1 ^(D V 
ai;^jlj^^«^tL^ttf VC0 1~f VCOn-CS,^). ;^^^4 3-1-4 3- 

-^^^ 4 3 - 1-^4 3-n<Dm2(Dmtim^Vh^o ^ 2 (Dm 2 (DAtliat. 

mt&mf Lo-efes^^«-§-RF-Lo;5SA;^$n5o ^^'^2(Diiitimmmt. 

2^(DXtim^m(Om(OmMmx-hy) . \ ILO-fVCOn \ tfj:^^ x^-^ 
2coffi;^f=^{i, ^*SJt^^4 l(DM2(;0A;^ff-^t/^5o VC04-n;iS 
»i{'^LTV>§.i:i-5<t:. BylHPLLlH]jf§;6Sn,;,^L^;^^^^-^.{^^ ■f4taJtlJf§4 l 
(D2-D(D?.:^m^mn^V<fj:^tcib. f I F= I f LO- f VCOn | tfj:^. 
Lyt;OSoX. VCOA-iKDtatim^mf VCOnn I f LO- f I F I T-#X. 

?>ti5o 0^19, mmPLLm^^<D^mm^-mmmf iFi-i^ fvcon=i 

f LO- f I F I {Jl^m^tLSo 

t^^fi5PLLlHIl^S(^t^^f^^i^?^^^7=v^^^v^T^5?^ff•t-5o vcott, VC04- 

n:dSil^$tLTVN-5^-f-So fMlti!f^4 1 Ofir^s||^^,j:^B;^K d . VC04 
-n(Dmm^Kv t-r^o *fc. LPF4 2-n{C^^/y«-K7^y^^^^^^S 
^i-nf^, ^©LPF4 2-ncD^^M^F (s) fi^iC l ) T'-^x. 
(^1) 

F(s)= 1 + 



l + sC(Rl + R2) 



(ici) 



StJiePLLlHlSSor^/U-:7-^jtM^Ho{i2fc^ (1^2) T'^;tf>tLS. 

(i5c2) 

Ho = Kd-Kv- F(s) • •(^2) 

MieHoO^o) p, ^6) 2 {*^;h,-ett^^ (1^3, 4) V-^^biX^o 

C-(R1 + R2) -(^S) 
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5 B#. ::o7U-:/^^Kf*^^ (^5) -c-^jt^tt-So 



10 F (s) iZ^-oX^^^o w!t5.Kdn^m-Ch^:d^. MIEK v ^{dibf^j^jl^ 
^i^m^X^xmti:^. byh;6SoT. vtCJ^^CTL P F 4 2 - 1 ~4 2 - 

15 fflv^5fcfe^^:n<@<^LP F^^^-^Si^^^S;6Sfe5o -i^t-x {44ejtisss{i I CF^ 
jis-cL p F« I c<D^Hifxh^7!>^h. ^mu&^m^moi.xt^^(Dmm^ 

^m-^. n:^<D\^i^r^i cizii^>>^x\ }^i^^(Dm±ii)^r^mx'h^o ^hic^ nm 
oL p F^ix^n(c:*rLTis:tfSrtf*5?^j:< -cfi/iib-f . wtm>mm<t-r^mm:d^ 

20 fcSo 

^:ZX^ ^^mo)B&Ht. Sff3ZE<DPLL|Hlj^-enm^^fcofcLPF^li@l;i 



(ic5) 



K=Kd-Kv- 



R2 



m 5) 



R1 + R2 
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r OiiL35^^§|(Dai;^{C^i£$iX/cP L LlHli^t . wCDP L LlHlJ^(??tU;OlC^i^ 

^■r'5Mi^iift5S*^^{c:*3V>T. H&IBP LLIhI{?S;6S^ SuiZiicD j; 5 /^P L LlHlji§ 
S i <i: ^ii^^ -rs t cD-efc So 
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x^ ^<iLmtm^(D~m^^'tm. m e \-±:^^m<D p l Lm^(Dmm<Dmm 3 ^ 

m 8 it:^mm<D p l Ljei^^m^^^tcMmmmt^mm^t lt. m^mM(D~m^ 
TT-rm. m9i:j::^mm<Dmmtfj:^PLLm^^^-rmxh^o 

10 

15 (mm<DMmi) 

mi :$:?^m(D PL L^^(Dmm(Dj^m 1 ^^ufc^^m-cfeSo 

<hx LPF3<i:. n<@OVC04- 1 ~4 — n n j@(D;?7 :7"^ 5 — 1 ~ 5 - n 

T'fe^o ^^^)j#{4tBJti4:^ 1 tc:*5v^T. m&0mm^ i f ^ ^ ^^ri^ 2 (Diatim 
'»j#{itiitti?§§ 1 (Diatim'^i'i^mtiim^^^w^^^n. vco4-i~4-n 

25 fcA;^$tL'5o VC04- l~4-n<Dai;t^^t-^^i^H^i^:*>^^ 5 - 1~5- 
n0 9-^<Z)lf@(^:;&:7'7}cA;'j^ti.So SiJ^Iili^ 6 J; 19 . ^MtoWjf^jgiSifc^ 
i^{Ci^:CTs VC04- 1 ~4-n(^5-^ l^;!)5ft)f^U> ^(7)^(^:^:7 i: fS 
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iai 2 oOft-^;iSA;^ ^tl. mi (DAtim-^-itti :/^5-l~5-n(D^20tti 
;^ft-^-e&S„ ^^•^2(Dm2<DXtHat. il^^^f LOCO^Iift-i-RF-LO 
:&5A:^$ttSo 4-. VC04-nj6SI!if^LTV^5 i-rS ^ =¥f-2<Dffi;^jliS 
mi ^^2(^A;t>{B-i-OjliS^i|(D^^^ii:-Cfc«9. I fLO-fVCOn 

I i>jc5„ ^^'^2<Dtiitim^n. ^^^mm^l:nit^^l(Dm2(Dxtlm■^tf£ 
So MIS p L L iiiss;is tiy^ vtc'^m-cii. '^mmitmtm^ 1 o 2 o<da;'3 

mi^(*^L</i^5:fefe. f I F= I f LO- f VCOn | tti:^^ X^f^iH^^X. 
MIEVC04-n(^t±J;^)J^ig^f VCOnfi 1 f LO- f I F | X'^^h^^, 

MI2PLLlHlSS-^(^Mf5#fiS.ft-§-Jl&^f I F{*, f VCOn= | f L 
O- f I F I {Cl^i^^tLS, 

MIS P L L m^(DWi\'^(Dmi^'^'fMz. J; S mm Ufc ® 9 -C©j|?^ i |^ 

^-C^So MfS^ (^5) }^:*5V^T. MISPLLliIji§-e{ilo05LPF 3SrfflV^ 
5fcJ?). R 1 4o J;UfR 2 ti-^T-feSo MlB/i--y^^K{*MIBfi:tBM^^J# 
Kd<b, iul5VC0 4-n<^ig^Kv(7)»T-^^5„ Lfc;5SoT. VC04-1 
~4-n (D^m^f&CT. MISK d tr^xitLf^. 1 ^£^L P FOJ^^lfMIS/l'-r 

'^^mnm^itm^ 1 4 ^co h 7 :^ v^>^ q 1 ~q 1 4 i . ai;^mgs i 

REF;5Spr^O«r^mM7^;6>f>^^$tl5o h ^ :/v?^i5'Q 1 ~Q 1 4«. 

^^'1'7^?'-^^ffiv^Tv^s„ sfi^^u-^^-h^^^T-. ^mm\t.^m.'m^n^m m 

LS lOfcJ?>OT-^n^^«{HlSS^H-S^ (T) J 10. 3*^C|5$nTV^5„ 
dfJyw^- h^^^ 8 1 (DXti 1 (Cfi^ftit-^ V REF + ctVREF -;5SA;^ 

^tL. m2(DKti 2 \z.\t.mmm-^Y i f + .!: v i f -i}^xti^n^. ^^w^- h 

^#5§8^c*^v^T. 8ul5 2o(DM»{f-^;a5m^$n. mmmMl l i I 2:iJttl;^> 
$tt5o ^>'^^^-h^^^8(^2o<DA;^;ft-i-<^^<!'I;55:^#<. h^i^v^J^^J^Q 

^Srl 3i:i-5<!:. HulS2o<7)A;^m-§-«D{4:^i||<I> .tdfi^w^-- |.^g||8<Dffi;^> 

Miftm^jS (12-11) \t.i^^ me) x^K.h^^. 

6 



wo 00/18014 PCT/JP99/OS012 



(^6) 

12-11 = 13- I I • -(18:6) 



5 5<b. I3 = a-IREF i^-^iSo h9>'i^:^^Q 9, Q 1 0 {i^ h 5: =7^ 

Ql 1, Ql 2;0^?>?'j;5;^7^Vh5:^— ©{^(D;^^:/^^^— itt5*/cb t-r-S 
I 5 = b • I 2 .b^itSo h^>i^;?.i5'Q 1 3, Q 1 4«:!& U-V h ^ IHISS 

10 (Dffi;'3m^ (15-16) (^7) -CJ^^PjttSo 

(^7) 

I5-I6=a b-IREF- (^^"1 ) 

(ifcs) 

„^ Z a-b-IREF „^ 
Kd = "(StS) 

a, bfi^^-CfcS;6^ib. Huia^tB^^mflJ#Kd{iI REF{::W:0i|i-So b 
20 .fc;65oT. I REF^^;tSr i:T\ KdSr'5r^{o-C#a„ 

"5r^mj5ft2i7 0— 0iJi: UT. m^Sfit/iU : 2<^2a®0^mgS5r^*&T*#5lHl 
SS^Iil3lC;^i-„ 

iffi5"5i^m«si£ai 7 fi, h7i^e^;^i5'Q 1 5~Q 1 8 ^m^Srai;^i-'5S2P 

lt»S^i^lHlj^9 <b. i/^S 1 , S 2 ;5<.-r 1 , S 2^^Jt^-t-'5$lJ^ 

25 lElSS 1 0 ,b;6»f3lt^$tL-5o SufB h ^ ^'■u?;^^?' Q 1 5 ~Q 1 8 fi, V^■ri^'bl^l: 
1^-fX-efe-5„ ^fz.. h^^^v^x^^Q 1 5~Q 1 8{;i{i/-<-f tK— ^^fflV^T^^5o 
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^ ^tLl-i h y Ql 5(D^-:^tmi^^tl?>. h^Vi^^X^Ql 6~Q1 

t. H7^-i^;^^Ql 5~Q1 8«[^Ci^^XT♦fcS;6>^. h^Vv^^i?Q16 
i^^Hfc^^. I>7ve;^^^Qi 7, Qi 8{i-<-;^a.^5,>?F«^^;5sov/i(D 

17, Ql S(D:=i]^^ ^m.^(Dmz.^\^<^ 2 ' I 7 tfj:^„ 

T 1 vco4-i~4-n i^x&mmmmm^^K. 
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^ 2 1 (ite Jtiisg 1 1 oPB^ic'pi^^ij^tiiii'i^ i 2 ^ff a b:fc ;i ^ iSr^tit 
5 ^iJ#^^JP fiffiMilSs^ 1 1 -^<^A;^Mi^^;t{itt9it|{?^ 1 1 (om^^^^it 
{itajttsj^ 1 1 (D— 9HJ^El 5 i:imi-c 

10 foSo h^i^v^;^^5'Q 1~Q 1 4(i. ^M^K— ^S:fflV>-CV>;5o 

Miaf4tBitl!i§l 1 1 0»jf^Oi^j^«. ytt;^HMr. A. B i 1 o t t i tci; 
S "Applications of a Monolithic Analo 
g Mu ltiplier,"IEEE J. Solid-State Cir 
cuits, vol. SC-3, pp. 373-380, Dec. 1968 

2. 2<D-:^(Dm^ii. Vi^^^S'Q l ~Q 6j;ix<.-r ^y^^^i/Wlf^^ 

25 mm<Dmm i i: i^^i- p l LiHii^ir.je:>M^cC l p f 3 5r i ^si^igij^i-?) t ^s-e# 
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25 



^mniiL^itm^ It ^^^2 (Dm\Z L P F 1 6 - 1 1 6 -m<Dmmm Lfc 
tx^^^AU ^mmmL^it^mi(Df^l<DXtl\ZLPF 1 5-l~l S-m 
(Ommmi^fc^OD^^ML. MlEl3S6^VC04-l~4-n, LPFl 5 
-1-15 -mii^ZJPL P F 1 6 - 1 ~ 1 6 -mC0l!jf^(D:^^^:7^S!l^-r5^j 

LPFl 5-1-1 5-miLPFl 6-1-1 6 -mfi, nT^^fMJt^ 

l^^:A;^$tb5^^Srl^*-r5fcfe^cffiv^f,i^^„ ^fc. #BS.^t^ i f{c{±. 
miitJOm^f IF^S^^^b4^^„ M[llS&14{Cj;t), LPF15-1~1 
5 ~m(D'P^^^^iv:etl<D f I F {c:*ii/^:«7 5. h ^^-^jli^^^ L P F 1 o 
iltR^tt^o LPFl 6-1-1 6 -m{c:ov^T^.. I^^{C:^Jg/^ 1 oil 

^ 1 7 (DtiiMs^i^p L Lm^ 1 8 \z^mm^-t i.xA:b^ti^. p l lui^ i 
sia^. ntim^mm-^tRF-Lom-^itxti^tt. JiSt^f vcoi-f vc 
on<Dohi o:d^mtim^mi^wct Lxmti^ti^. p l less i s (omtim^ 

«;^ii*isi 9^cjov^T^(Dfl:;^^ii*Ib. ti^t-t^^ ^^2 o^m-^x 
■^2 1 tmmm2 3(D^:dmm^ti. ^mmiz{tT>y^-r2 i t§:mm2 2<D^ 
•^^mm2 2izxti:^n. mmid^nioti. i, Qm^^bmti^H^. 
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ftiJ(DADigm^2 8 i:, ^ftffi!j<Z)DA^^2 9 ^ f— 3 0 t ;6^b«fi)c 
ilim^ 2 3 icfi, 2 il 19 (Dj^jSc^^^td^j^;: LT 2 ^(omtimm^ 19-1, 

10 \ 9-2tim-k.hti. p LLmssi 8;i)*e>m;tj$nfc^tb^*nt^i^Sti^f vco 

1 ^ybti f VCO 2 «ft ^tL-^iX(^m;^lt'I'I^ 19-1, 19-2 {C±5V> 

-c^om:^;55ig,|.l^ttxtii:t;$tt5„ ::ne>0 2o(Dm:^ti'l'iSSi 9 - i , 19 

-2fi. mrf2m:^li*I^l 9 <bl^<^(D^|g<Srit-^> *yb^^ft-^l (IF) ;dSA 
;^^tLSil:^'^iit§l 7. ^^m-^2 (RF-LO) dSA;tJ$tLSPLLlHl8Sl 

15 shn^tmmx'^^o 

Sftm 2 2 {dfi. 2 ii 19 (^JlSE^^«lj{d*fJ^? L-C. 2 o-ro0^^3iig7 
^?31-1, 31-2, LNA3 2—1, 3 2-2, ^^iija:7 ^'^'V^ 3 3 — 1, 
33-2*3j:t/. ^^m-^3a, 3 b ;5SA:^ ^tbS 5 =¥1^ 3 4 - 1 , 34-2t. 
^^iXi^i/^(D*ii<^^ig4iljg>^.fyi'^ 3 5. M^iB-^4;6SA;b$n5 5=^-9-3 
20 6 . ^^ilig 7 ^' yl- iJ' 3 7 . ■5r^?iJ#ii'l'I^ 3 8 *5 J; T^. -^^Sff-i- ^t^Xti^in 

*(fia^<t^2 2^c::}3V^-C. ^tL<etL(^5:^ih3 4- 1, 34-2, 3 6{i2o 

^n^'tltD 5 =¥i^ 3 4 - 1 , 3 4-2, 3 6{dA;'j$tLS^I§fa^«> PLLv- 

^t^iijg >^ -< >'l'i5' 31-1. 31-2, 33-1, 33-2, 35, 37fi, 
-1, 3 l-2{c:(iMII^:7^/Wi5', ^*^iiji:7^yW'^ 3 3- 1, 3 3-2, 3 
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jlLT^fs^2 2{c:A;(j$n. ^^ilig:7^'yl.^r3 LNA3 2-1. ^ 

^ilig:7^/l.^3 3-1. 5:3rf-3 4-l{Cj;5MliS. *yt{i^J^ilii:7^yl.^ 
3 1-2. LNA32-2, ^igciiiii:7 ^ /l.^? 3 3 - 2 . ^ 3 4 - 2 tC J; 5 
S{^^,ST. ^^{C^^ilii7-<yUi5^ 3 5. 5=ar1^3 6. ^^Hiilig^ ^ /l-^ 3 7 

xy^^^mmmz 9^m\.xmm^n\^\ ^m^2 2:0*^ i, Qit-^}(>sffl;^$n^„ 

•?-b-C. :L(D^mi^2.2fi^h(DT-rvi^m^^Ktit\.^ :i(DT-i-ti^m-^^A 
S^2 6{C*5V^T«lSL. y'i^i^MW^f^mU2 67!)^^(Dy'i^^j>m^^DA^ 

co4-i~4-n o^^fcj^: li^Tii+sii^mf ij#^'^;t s ^tx. Mmmmo) 
MMi tmmKPLLmmi:L!if,m^j:LPF 3^imi^nm-r^:z.t7i^x^^(Dx\ 
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25 xj^\i'>^m^mh\^. wtn^mmit'r^:it7!)^x^^phi.mm^^mx$>K). $ 
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